The reliability of proximal femoral fracture classifications using 3DCT was evaluated, and a comprehensive "area classification" was developed. Eleven orthopedists (5-26 years from graduation) classified 27 proximal femoral fractures at one hospital from June 2013 to July 2014 based on preoperative images. Various classifications were compared to "area classification. " In "area classification, " the proximal femur is divided into 4 areas with 3 boundary lines: Line-1 is the center of the neck, Line-2 is the border between the neck and the trochanteric zone, and Line-3 links the inferior borders of the greater and lesser trochanters. A fracture only in the first area was classified as a pure first area fracture; one in the first and second area was classified as a 1-2 type fracture. In the same way, fractures were classified as pure 2, 3-4, 1-2-3, and so on. "Area classification" reliability was highest when orthopedists with varying experience classified proximal femoral fractures using 3DCT. Other classifications cannot classify proximal femoral fractures if they exceed each classification's particular zones. However, fractures that exceed the target zones are "dangerous" fractures. "Area classification" can classify such fractures, and it is therefore useful for selecting osteosynthesis methods.
Introduction
Proximal femoral fractures are very common injuries [1] [2] [3] [4] . However, there is no global consensus on the choice of treatment methods for proximal femoral fractures.
In most cases of proximal femoral fractures, good results are achieved by performing osteosynthesis [5, 6] or total hip replacement (femoral head replacement). However, in some of these types of fractures there is an increased risk of serious complications, such as pseudarthrosis or cutting out of the implant, unless the treatment methods are chosen very carefully [7] [8] [9] [10] [11] .
Various classification methods (e.g., the AO classification [12] ) have been used to identify such "dangerous" fractures and to choose appropriate therapeutic methods. In most cases, at first, femoral neck fractures or trochanteric fractures are distinguished. In the case of neck fractures, osteosynthesis or arthroplasty is chosen based on the degree of displacement or the stage in Garden's classification [13] after considering patient age or activities. When osteosynthesis is performed, the choice of the implant to use for osteosynthesis may be changed using Pauwels' classification [14] , which evaluates instability from the angles of the main fracture lines.
In the case of trochanteric fractures, osteosynthesis is often chosen. However, many osteosynthesis methods have been reported, and because of this, a classification by the number of bone fragments on 3-dimensional computed tomography (3DCT) [15] came to be frequently used in choosing methods of osteosynthesis.
In addition, proximal femoral fractures broken near the border between the neck and the trochanteric part are said to be basicervical fractures (basal neck fractures) [12] . The classification of Pauwels [14] may be applied also for basicervical fractures, because some think that the angle of 2 Advances in Orthopedics the main fracture line is important in such fractures. The AO classification [12] , which is a systematic classification including neck fractures, basicervical fractures, and trochanteric fractures, is used worldwide.
However, the results vary greatly among examiners when fractures are classified using these classifications [16] [17] [18] [19] [20] . Previous studies have examined the reliability of only the AO classification and Garden's classification for neck fractures and of the Evans classification for trochanteric fractures. In these reports, the fractures were classified only with Xray films. However, multidirectional reconstruction CT or 3DCT is now deployed at most hospitals due to recent progress in imaging technology. Therefore, treatment based on classification using CT will be necessary for proximal femoral fractures, but there have been no investigations of the reliability of classifications for proximal femoral fractures using 3DCT.
In addition, even if using an existing classification, proximal femoral fractures, which exceed each classification's particular zones, cannot be classified. However, such fractures that cross the specific zones are "dangerous" fractures that can easily lead to pseudarthrosis and cut-out of the implant.
Therefore, the reliability of some classifications of proximal femoral fractures when 3DCT was used was examined in detail. In addition, a new comprehensive classification for proximal femoral fractures ("area classification"), which can make up for the faults of the existing classifications and was useful for choosing treatment methods, was developed.
Materials and Methods
A total of 27 consecutive proximal femoral fracture cases seen at a single facility from June 2013 to July 2014 were investigated. Eleven orthopedic surgeons, who graduated from medical school 5-26 years earlier, evaluated the preoperative X-rays images, axial images of CT, and 3DCT images of these 27 cases. In this study, the AO classification [12] , Garden's classification [13] , 3DCT classification of trochanteric fractures [15] , the classification of Pauwels [14] , and the new "area classification" were used.
In "area classification, " the proximal femur was divided into 4 areas with 3 boundary lines; Line-1 is the center of the neck, Line-2 is the border between the neck and the trochanteric zone, and Line-3 is the line that links the inferior borders of the greater and lesser trochanters ( Figure 1 ). If a fracture was only in the first area, the fracture was classified as a pure first area fracture, and if a fracture was present in the first and second areas, the fracture was classified as a 1-2 type fracture. In the same way, fractures were classified as pure 2, pure 3, 2-3, 3-4, 1-2-3, and so on. In this classification, the so-called neck fractures, basicervical fractures, trochanteric fractures, and subtrochanteric fractures were defined by the boundary lines ( Figure 2 ). In addition, "area classification" can classify the fractures that crossed the zones (Figures 3 and  4) .
In other words, pure 1 type is the so-called neck fracture, pure 2 type is the so-called basicervical fracture, pure 3 type is the so-called trochanteric fracture, and pure 4 type is the socalled subtrochanteric fracture (Figure 2 ). The 1-2 type is the The boundary lines that separate areas in "area classification. " In "area classification, " the proximal femur is divided into 4 areas with 3 boundary lines; Line-1 is the center of the neck, Line-2 is the border between the neck and the trochanteric zone, and Line-3 is the line that links the inferior borders of the greater and lesser trochanters. When there is a fracture in only the first area, the fracture is classified as a pure first area fracture, and so on. Thus, pure 1 type is the so-called neck fracture, pure 2 type is the so-called basicervical fracture, pure 3 type is the so-called trochanteric fracture, and pure 4 type is the so-called subtrochanteric fracture.
fracture whose fracture line ranges from the neck to the basal neck, the 2-3 type is the fracture whose fracture line ranges from the basal neck to the trochanteric zone, and the 1-2-3 type is the fracture whose fracture line ranges from the neck to the trochanteric zone (Figure 3) .
In addition, a fracture such as a type 2 of the Evans classification [21] is classified as a 3-4 type fracture because the fracture line ranges from the third area to the fourth area Advances in Orthopedics ( Figure 3 ). However, even if a fracture line of a fragment of the lesser trochanter alone was in the second area or the fourth area, it was classified as a pure 3 type, because the fracture line of a lesser trochanteric fragment is not the main fracture line. However, when the fracture line of the big fragment including the lesser trochanter entered into the fourth area outside the center of Line-3, this was classified as involving the fourth area.
First, 11 orthopedic surgeons classified all 27 cases using the AO classification [12] and the "area classification. " If the fracture was classified as a neck fracture, it was also classified using Garden's classification [13] . If the fracture was classified as a trochanteric fracture, the fracture was also classified using the 3DCT classification [15] . The classification of Pauwels is usually used only for a neck fracture, but, in this study, it was applied to all 27 cases, classified only based on the angle of the main fracture line.
The reliability of each classification was evaluated using Fleiss' Kappa coefficient [22] .
Results
The patients' average age was 76 years (55-95 years); there were 6 male and 21 female cases. The reliabilities (Fleiss' Kappa coefficients) of the AO classification (A1-C3), the AO classification in detail, Garden's classification, the 3DCT classification of trochanteric fractures, the Pauwels classification, and "area classification" were 0.4751, 0.1964, 0.3682, 0.4404, 0.1796, and 0.5154, respectively. The AO classification and 3DCT classification had to be applied with the classification list. However, the classification list was not necessary for "area classification" to be used.
Discussion
This study is the first to investigate reliability when proximal femoral fractures were classified using 3DCT. Furthermore, in this study, the reliability of "area classification, " which we devised, was the highest, and orthopedic surgeons with greatly varied years of experience classified proximal femoral fractures using various classifications. Withother classifications, the fractures cannot be classified if the fractures exceed each classification's particular zones. However, the fractures that exceed the target zones are "dangerous" fractures that increase the risk of serious complications such as pseudarthrosis or cutting out of the implant. "Area classification" can classify such fractures. Therefore, "area classification" is useful when choosing the method of osteosynthesis.
In recent years, due to the severe osteoporosis of elderly persons or due to high energy injuries such as traffic accidents, proximal femoral fractures are aggravated. Therefore, complex fractures, which step over the zone targeted for various classifications that have been used previously, have increased. Such cases cannot be evaluated using conventional classifications; thus, a combination of classifications is used. However, proximal femoral fractures are not treated as several multiple fractures, because the solidity of the whole proximal femur must be considered. Therefore, comprehensive classification related to treatment methods or clinical results was necessary. The "area classification" that we developed is one attempt to address this issue.
Furthermore, most conventional classifications are used with X-ray films. However, with recent progression of imaging technology, multidimensional CT or 3DCT is deployed at most hospitals and is useful for diagnosis or choice of treatment method for proximal femoral fractures as well. However, there have been no reports about the reliability of the conventional classification when many orthopedic surgeons used such CT images. As a result of having tried it in this study for the first time, the reliabilities of conventional classifications were not high, and it became clear that the reliability of "area classification" was the highest, because this classification is very comprehensive and very simple.
Furthermore, the advantage of "area classification" is that it can be used with familiar conventional classifications. In "area classification, " pure 1 type is a neck fracture, pure 2 type is a basicervical fracture, pure 3 type is a trochanteric fracture, and pure 4 type is a subtrochanteric fracture. Therefore, conventional classifications can be used if the fractures are classified by "area classification" as a pure type. If the fractures are classified by "area classification" as extending to multiple areas, such fractures need special treatment. For instance, 1-2 type fractures are vertical fractures that extend to the basal neck from the neck; thus, rotation instability with shear stress must be considered (Figure 3 ). For example, 3-4 type fractures are equivalent to type 2 of the Evans classification [21] ; thus, they have greater instability than general trochanteric fractures (Figure 3) . In this way, instability can be evaluated using "area classification, " and the treatment methods are chosen very carefully.
However, even "area classification" did not have a sufficiently high Fleiss' Kappa coefficient. There are several reasons for this. First, there were few cases. Second, when there are multiple fractures in this area, the observer may not recognize other fractures if he pays attention to only one fracture line. Third, because the pelvis is also in the 3DCT image, it may be hard to see the femur. Fourth, the definition of Line-1 is somewhat vague. Fifth, it was necessary to turn the 3DCT images or to evaluate thin slices of the axial CT images because Line-2 is covered by the greater trochanter on the posterior side. However, the 3DCT images that the observers evaluated could not be turned in all directions. In addition, the number of slices of axial CT images was insufficient. Sixth, with respect to Line-3, it was slightly more complicated to handle when a fragment of the lesser trochanter alone occurred. Therefore, it is thought that higher reliability is provided if the observers use 3DCT images that can be turned in every direction after having removed the pelvis. In addition, the definitions of the linesmay be improved when "area classification" is used by many orthopedists. However, even if the reliability was not very high, it is one of the greatest advantages that the use of "area classification" is connected to the evaluation of instability and careful choice of treatment method.
The limitation of this study is that clinical results were not examined. The "area classification" that we devised has higher reliability than other classifications, and, theoretically, no cases are unclassifiable. Thus, in the future, we can investigate the relationship between the classification results when "area classification" is used and the choice of treatment methods or the clinical results of proximal femoral fractures. In other words, the results of this investigation, which involved many facilities that agreed to use this classification, could result in better treatment for proximal femoral fractures. The current study is thus the first step leading to further investigation.
Conclusions
The reliability of "area classification" was the highest when 11 orthopedists classified proximal femoral fractures using 3DCT. Withother classifications, proximal femoral fractures cannot be classified when the fractures exceed each classification's particular zones. However, the fractures that exceed the target zones are "dangerous" fractures. "Area classification" can classify such fractures. Therefore, "area classification" is useful in choosing the methods of treatment.
